Geological, mineralogical and geochemical studies were carried out on clay materials of the same pit from Mayouom kaolin deposit located within a mylonitic shear zone about 30 km north of Foumban town (western Cameroon), in order to define their characteristics, the ore genesis and its economic interest. Seven samples were studied using different techniques: description of the pit, optical microscopy, microprobe analysis, and bulk chemical analyses. Two different facies (sandy kaolin and sand-poor kaolin) were observed in the field. Microscopical observations show that the mylonitic schistosity is well conserved in sandy clays, while sand-poor clays reveal the transformation of muscovite/illite into kaolinite. Quantitative and qualitative mineralogical investigations reveal kaolinite as predominant mineral, associated to quartz + illite/muscovite + anatase ± hematite ± Ba, Sr-hydroxyapatite. Kaolinite (54% and 81-84% respectively) mineral presents homogeneous shape and a good crystallinity. REE pattern show a Ce negative anomaly marking a reductive milieu of alteration.
Introduction
For more than a decade, the clay market, and especially that of kaolin has been seriously affected by the overproduction in Europe and USA, the emergence of high quality kaolin source in Brazil and Australia, and the increasing supply of low-grade materials (Gougazeh & Buhl, 2010; Nyakairu et al., 2001) . Africa and especially Cameroon is one of the most consumers of clay derived products from China and European countries. This constitutes a lot of expenditure for the country. Numerous clay deposits are being discovered in the country, such as: a friable halloysite deposit from Mount Bamenda at Santa, Bali, Bambili and Sabga areas (Ossah, 1975) , more than 15 m thick kaolinitic clays at Lembo and Bana, (Wouatong et al., 1996; Wouatong, 1997; Pialy et al., 2008 Pialy et al., , 2009 , the Bomkoul fire bricks clay deposit (Njopwouo,1984; Njopwouo et al., 1998; Ngon et al., 2012) ; but the valorisation of clays material for industrial applications (raw materials for ceramic, paint, paper…) often needs the mastering on the processes of the clay deposit genesis (Murray & Keller, 1993) and the mineral quality (Bloodworth et al., 1993; Mitchell, 1994; Merabet & Belkacemi, 2003; Martin, 2005) .
The Mayouom kaolin deposit is found within the north-eastern Foumban mylonitic shear zone composed of mylonites and late volcanic rocks. The presence of both supergene (meteoritic) and hypogene (hydrothermal) clays is common in such geological environment (Cravero et al., 2010) . Njoya et al. (2006) demonstrated that the deposit was originated from hydrothermal alteration. This paper presents details mineralogical and geochemical characteristics of a particular outcrop and pit (MYII) in the deposit, pointing out the possible vertical variation of the materials.
Materials and Methods
Seven samples were collected on a single outcrop by digging and drilling using an eight meters manual auger. This outcrop was chosen in order to study both sandy and sand-poor material on a single vertical section. At the lab, the petrography, geochemistry and mineralogy were studied by polarized-light microscopy of thin sections, microprobe analysis and bulk chemical analyses. Petrography was performed on hardened thin slides of undisturbed samples.
Chemical analyses were performed at CRPG (Nancy, France) by emission spectrometry using inductively coupled plasma and atomic emission source (ICP-AES) for major elements, and mass spectrometry (ICP-MS) for trace elements and rare earths, after fusion with LiBO 2 and dissolution in HNO 3 .
Mineral compositions were determined with an automated CAMECA SX100 electron microprobe (EMPA) at UHP. Operating conditions for silicates and oxides were 15 kV acceleration voltages and 10 nA probe current. The electron beam was enlarged at 5 x 4 µm and counting time was 30 s for each element (15 s for Fe, 10 s for Na, K). Natural and synthetic oxides were used as standards, and the raw data were corrected on line for drift, dead time, and background, using X-PHI programs provided by CAMECA.
The quantitative mineralogical composition was calculated taking into account the results of qualitative mineralogy from microscopy observation, microprobe analysis and previous works. The calculations were done using the geochemical data and the formula T(a) = MiEl(Mi) (Yvon et al., 1982) ; where:
T(a): wt.% of element "a" in the sample; Mi: wt.% of the mineral "i" in the sample; El(Mi): wt.% of the element "a" in a mineral "i".
Therefore, the reconstitution scheme is as follow:
-K 2 O is used for muscovite (or illite) KAlSi 3 O 10 (OH) 2 and the wt% of SiO 2 and Al 2 O 3 are deduced according to their percentage in the mineral.
-The remaining Al 2 O 3 is totally used for the calculation of Kaolinite (Si 2 Al 2 O 5 (OH) 4 ) and the consumed SiO 2 is deduced.
-After muscovite and kaolinite, the remaining SiO 2 is considered as quartz; -Ba, Sr-hydroxyapatite (Ba,Sr) 5 (PO 4 ) 3 (OH) is calculated with P 2 O 5; -TiO 2 is used for anatase TiO 2 (detected by XRD); -Fe 2 O 3 is used for hematite.
Results

Field Description
The Mayouom area belongs to the Foumban shear zone where a mylonitic band extends in neoproterozoïc basement (500-660 Ma age), intrusive magmatic rocks (less than 40 Ma age) and lodes (Njonfang, 1998) . The deposit covers an area of about 500 x 2000 m on the north western flank of the Mbatkom clift. It lies between 800 and 900 m altitude. The index of clay is essentially the dark grey to ash grey colour of soil (Njoya, 2006) . During mining prospection of the deposit, more than seventy drills were done using a hand auger, with the maximum of 13 m deep, but the basement rock was not found. At MYII site ( Figure 1 ) concerned with this paper (5°51'25" N, 10°59'20" E), at 8 m deep, the clay was still very soft, with no sand traces as indication of basement rock, showing that the thickness of the deposit is greater.
 A red lateritic level, speckled with yellow and grey, with a thickness of 1.1 to 1.3 m. This level is structurally and lithologically discordant with the kaolin it covers.
 The kaolinic level made up of sandy and sand poor clays. The conserved mylonitic foliation is observable in sandy clays with an attitude N015E65°ESE. Table 1 presents the characteristics of the samples collected from 2 to 8 m depth.
Petrography
Under the optical microscope, thin sections show fine texture with abundant matrix (70-85%), with diverse colours (dark brown, dark grey, brownish grey). Sample MY22S presents the conserved mylonitic foliation (Figure 3a) . Almost all kaolinite crystals are aligned following the inherited schistosity. Quartz crystal show "rolling extinction" (moving shadow) that characterise the mylonites of the region. MY22G and other sand poor samples are made up of more than 50% kaolinite, muscovite and dark matrix made up of oxides (Figure 3b ). The vestiges of muscovite/illite in the process of kaolinization are observed all over the sections. Samples MY26, MY27 and MY28 present the same mineralogical composition but their texture is disturbed by the sampling technique (hand auger).
In addition to those minerals (Kaolinite + Quartz  Muscovite  oxides), X Rays and Infrared analysis have reveal Ba, Sr-hydroxyapatite in clay materials from MYII pit, and that opaque minerals are hematite and anatase. Figure 1 . Geological map of the deposit and some geological sections (Njoya, 2007; Njoya et al., 2006) 
Mineralogy
34 microprobe analyses were done on 4 sand poor samples (MY22G, MY24, MY26 and MY28). These analyses concerned kaolinite (Table 2) , muscovite/illite and anatase ( 
Chemical Composition
Major element (Table 4 ) and trace element (Table 5 ) compositions of studied materials show distinction between sandy and sand-poor clays. In sandy kaolin (MY22S), SiO 2 , Al 2 O 3 and LOI content are 65.86%, 22.60% and 9.43% respectively, and a high chemical index of alteration (CIA) SiO 2 /Al 2 O 3 (2.91). These chemical characteristics correlate with high quartz content. In the other hand, sand-poor kaolins contain lower SiO 2 (43-46%), higher Al 2 O 3 (up to 35.47%) and low CIA (1.22-1.34) due to higher kaolinite content and higher TiO 2 (4%) due to the presence of anatase. The CIA increases with quartz content, from theorical pure kaolinite (1.18) to MY22S, the sandy sample (2.91).
In the two facies (sandy and sand-poor), iron content is very low (less than 1.2%), inducing white or whitish colour of all materials. The small quantities of K 2 O related to illite/micas are present in all studied samples. The relatively low content of TiO 2 , Fe 2 O 3 , MgO, K 2 O, P 2 O 5 oxides in sandy kaolins compared to sand-poor kaolins is apparent. The MnO, CaO and Na 2 O are completely lost in both types of facies.
As a function of depth, the variation interval of major elements is narrow ( Figure 4 ). Some elements are decreasing (Fe 2 O 3 ) while others are increasing (MnO, K 2 O). Many others are divergent, the highest concentration of some (MnO, TiO 2 , Al 2 O 3 ) coinciding with the lowest of others (K 2 O, SiO 2 ). However, there is no continuous evolution (increasing or decreasing), all the major oxide having a zigzag behaviour. For trace element compositions of studied materials (  Transition elements content (Ni, Co, V) show a general continuous increasing ( Figure 5) ;  U and Pb decrease from four metres downwards;
 Th and Cr have opposite behaviour: Th increases when Cr is decreasing, and at 6 m, there is reversion.
 All other element display zigzag behaviour.
All these variations are displayed in relatively narrow intervals (1.38-4.30 for Co; 0.89-3.13 for U; 278-560 for Cr …), indicating that the material is relatively homogenous in all its thickness. 
Quantitative Mineralogy
The modal compositions obtain from calculations are presented in Table 7 . The sum of reconstituted minerals percentage is equal to 100%. These results show that our clays are essentially composed of Kaolinite (54-84%) associated to quartz, muscovite, anatase, hydroxylapatite and hematite. The sandy sample MY22S is similar to other sandy clays of the deposit (Njoya, 2004 ). This sample is totally different from sand-poor clays with it kaolinite and quartz percentage. Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Discussion
On the field, sandy clays present marks of tectonics deformation of mylonites. This implies that the structure of the basement rock plays an important role during kaolinization, notably in the circulation of the magmatic fluids (Njoya, 2006) . The sandy sample is the transformation product of the mylonites. In sand-poor clays, relic of muscovite and large crystals of kaolinite formed from the pseudomorphose of feldspars imply that their parent rock could be either granular or porphyritic microlitic rock. The basalts around the deposit are porphyritic microlitic in texture. The conservation of the structure of the basement rock and the shape of quartz crystals can be interpreted as prove of in situ alteration. The presence of such quartz particles is helpful in abrasive usage of clays (Pruett & Murray, 1991) .
Chemically, the clays are SiO 2 , Al 2 O 3 and LOI rich, while MnO, CaO and Na 2 O are completely leached. This leaching corresponds to the higher mobility of those oxides during kaolinization process and it is compatible with an advance argillic alteration system close to hydrothermal kaolin deposits (Meyer & Hemley, 1967; Meunier et al., 1983; Inoue, 1995; Dill et al., 1995 Dill et al., , 1997 Dill et al., , 2000 . The higher concentration of Cr (278-560 ppm) and V (207-293 ppm) in sand-poor kaolin samples without any associated mineral may be related to their low mobility during kaolinization process, and to enrichment of these elements in parent intrusive veins (Bariand et al., 1985; Vidal, 1998) .
Mineralogical analyses reveal the remarkable predominance of Kaolinite, associated to muscovite, quartz, anatase, Hydroxylapatite and hematite. Such mineral assemblage is common in both meteoric and hydrothermal clay deposits. However in humid tropical climate, meteoric weathering generally leads to formation of kaolinite with poor crystallinity due to numerous impurities as Fe, Ti, Cr and Ni in kaolinite structure (Braun et al., 1990 (Braun et al., , 1998 Petit, 1994) . The Kaolinite from Mayouom deposit shows good crystallinity, excluding a meteoric process of weathering. The higher Kaolinite content of these clay materials (except MY22S that will need some elimination of quartz), make them good clays for paints and ceramics (Njoya, 2004) . This kaolinite content is linked to the high feldspars content of the mother rock. Anatase and hematite can be considered as precipitation of oxides during alteration of ferrotitanium minerals. Considering the sand-poor samples from 3 to 8 m depth with their "ecart-type" (from 0.10 for hematite to 1.58 for Kaolinite), the deposit can be considered as vertically homogeneous in term of quantitative and qualitative mineralogical composition.
Most of the trace elements contents are low. Comparison of MY22S with Mayouom mylonites (from Njongfang, 1998) reveals the impoverishment in Eu, Er, Yb, Lu, Ni, Co, Cu, Y, Zn and Sr during alteration and kaolinization process. Sr is totally absent while Na and Ca are fewly represented. In fact, during alteration process, cations of smaller radius (such as Ca, Na, Sr) are easily leached out (Nyakairu et al., 2001; Nesbitt et al., 1980; Wronkiewicz & Condie, 1987) , this can be explain by the higher alterability of plagioclases in the mother rock, and also the advanced level of alteration in the deposit (Nesbitt et al., 1980; Wronkiewicz & Condie, 1987) .
The REE patterns are parallel, suggesting that all the clays were formed through the same process. The absence of Ce anomaly (0.9 < Ce/Ce* < 1.1) in all samples confirm that the kaolinization has taken place in a hydrothermal milieu. In such milieu, the absence of Ce anomaly implies the ultimate cooling stage characterised by the abundance of phyllitous mineral (Kaolinite, muscovite).
The Eu negative anomaly (Eu/Eu* = 0.6) in MY22S shows that the behaviour of that element may be related to that of Ca and Na (reduction from Eu 3+ to Eu 2+ ) during alteration process of feldspars in acid rocks. The mineral assemblage is that of veins, telescopes, small metallic deposits and precious stones, usually associated with granite, granodiorite shear zone and some volcanic areas (Barnes, 1967; Dill et al., 1995; Corbett, 2002) . This can explain the high content of Ba, Sr, V, and Zr, element of high commercial value, in Mayouom clay.
The low vertical variation of major and trace elements, and that of qualitative and quantitative mineralogical composition is helpful during industrial exploitation for, in this deposit, the quality of clays is not influenced by the depth and therefore, the same treatment conditions can be used for all the material without any need of change due to variation of quality.
Comparison of these clays with those from other African countries such as Calabar in Nigeria (Njopwouo et al., 1998) , Buwambo and Migrade in Uganda (Nyakairu et al., 2001 ) and worldwide (Cravero et al., 2010; Njoya, 2006 Njoya, , 2007 Nyakairu et al., 2001) , Mayouom clays present suitable characteristics for industrial exploitation. In the ternary diagram of Fiori et al. (1989) in Türkmenoglu and Yavuz-Isik (2008) , the clay materials from Mayouom correspond to suitable clays for white colored stoneware tiles except the sandy sample (MY22S) that occupy a position close to the composition favourable for making clinker (Türkmenoglu & Yavuz-Isik, 2008) . Also, the price of kaolin products is determined by its grade (Gougazeh & Buhl, 2010) . The Mayouom kaolin has low-screen residue value and more than 88% of particles are less than 63 µm (Njoya, 2007) . This makes Mayouom kaolin good materials for sanitary and pottery industries. However, the estimation of approximate total weight of the deposit needs a motorised drilling in order to know the real thickness from point to point.
Conclusions
The main outcomes of this paper are:
(1) Clays are SiO 2 , Al 2 O 3 and LOI rich, with low CIA Si0 2 /Al 2 O 3 , indicative of advanced alteration level;
(2) The predominant clay mineral is Kaolinite (up to 84%), associated to quartz + illite/muscovite + anatase ± hematite ± Ba, Sr-hydroxyapatite; (3) In comparison to industrial clays from other African countries and worldwide, Mayouom clays present suitable characteristics for industrial exploitation: the sand-poor clays are very good materials for white colored stoneware tiles and other fine ceramics, paper coating and paint, while the sandy clays are appropriate for making clinker. Consequently, the studied clays are raw materials that can be highly recommended to clay consumer industries. Moreover, the advanced argillic alteration mineral assemblage can be considered as a rough indicator for exploration of related ores in neighbouring areas and along the northern Foumban shear zone.
